The purpose of this paper is to present and describe a motor assessment scale (MAS) for stroke patients and to report on the investigation of two aspects of its reliability. The MAS is a brief and easily administered assessment of eight areas of motor function and one item related to muscle tone. Each item is scored on a scale from 0 to 6. To check interrater reliability, we videotaped five stroke patients while they were being assessed with the MAS. These scores were used as the criterion ratings. Twenty raters then assessed these patients, and their results were correlated with the criterion ratings. We determined test-retest reliability by assessing on two occasions, separated by a four-week interval, 14 stroke patients whose recovery was considered to be stable and by correlating these scores. The MAS was found to be highly reliable with an average interrater correlation of .95 and an average test-retest correlation of .98.
The purpose of this paper is to present a motor assessment scale (MAS) designed to measure the progress of stroke patients and the results of a study to investigate the reliability of this scale in terms of interrater and test-retest reliability.
The MAS was developed by the first two authors over many years, after examining forms of assessment published in the literature. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] These assessments failed to meet certain criteria that the authors considered important in clinical practice. Some assessments can be criticized for being too long and, therefore, too time-consuming in clinical practice 2. 12 ; others lack numerical scoring.
2, 3, 7 Some assessments are based on an assumption that recovery is initially characterized by stereotyped movements performed within flexor and extensor synergies, which seem to be inconsistent with the pattern of recovery in stroke patients. 3, 4 Some are based on a developmental sequence inconsistent with recovery in adults. 11 The Barthel Index evaluates independence from the care of an attendant and does not include upper-limb function 9 ; some assessments are too global. 5 , 6 Pathy's assessment is carried out by a combined group that includes physician, physical therapist, occupational therapist, speech therapist, social worker, nurse, and specialist health visitor. 10 Few have been investigated for reliability.
The MAS was designed to fulfill the following aims: The score sheet includes eight different items representing eight areas of motor function and one item related to muscle tone on the affected side (Figure) . Each item is scored on a sevenpoint scale from 0 to 6. The motor functions tested are supine to side lying, supine to sitting over the side of the bed, balanced sitting, sitting to standing, walking, upper-arm function, hand movements, and advanced hand activities. The category of General Tonus was included to gain an impression about the presence of excessive or depressed motor activity.
All items except General Tonus are constructed so that Point 6 indicates the optimal motor behavior. In grading General Tonus, Point 4 indicates a consistently normal response; more than four points indicate persistent hypertonus and less than four points indicate various degrees of hypotonus. A comments section is provided for the examiner to add subjective information that may be considered useful and relevant to the assessment.
Criteria for each point on the MAS are provided to assist the examiners in reliably grading the performance of each Because we believed the MAS could be a useful evaluation tool, we tested its reliability by investigating the scale's interrater reliability and test-retest reliability.
METHOD

Interrater Reliability
We selected a group of five stroke patients, four women and one man at various stages of recovery. The only criterion for selection was the patient's willingness to consent to participate in the study. An attempt was made, however, to select five patients who were different from each other in terms of time since stroke and obvious degree of disability, so that the full range of possible scores on the MAS would be represented. The group had three patients with left hemiplegia and two patients with right hemiplegia. None of the patients were dysphasic. The average age was 65 years old (range, 55-78 years). The time from onset of stroke to the time of scoring averaged 14 weeks (range, 6-40 weeks). Hemiplegia was due to cerebrovascular lesion in all five patients.
The last author assessed the five patients, and her scores became the criterion ratings. We videotaped the assessment sessions, but the tapes do not indicate what score was assigned to each item. The timed items have a digital display of elapsed time in one corner of the screen.
A group of 20 volunteers (physical therapists and physical therapy undergraduate students) were involved in the study. The physical therapists were all working in stroke rehabilitation, and several were clinical tutors in the School of Physiotherapy, Cumberland College of Health Sciences. The undergraduates were in their final year of a physical therapy educational program. Each volunteer was instructed in the use of the MAS and provided with a copy of the Criteria for Scoring and General Rules. This instruction was followed by a period of about three weeks to practice using the MAS. A questionnaire completed by each rater revealed that the average number of patients scored during this period was four (range, 1-5). After the practice period, we showed the physical therapists and students the videotapes of the five patients and asked them to use the MAS to score each patient's performance. General Tonus, item 9, was not included because this was considered to be too difficult to score from observation alone.
Videotape was used to avoid the following: 1) the variability of patient performance that may occur if several raters scored the one patient on different occasions and 2) the stressful situation that would occur for patients if each were to be scored by 20 raters.
Test-Retest Reliability
A group of 15 stroke patients, 5 women and 10 men, were selected. The only criteria for selection were the patients' willingness to consent to participate and the stable nature of their disability. Six patients had left hemiplegia and nine patients had right hemiplegia. The degree of disability varied. The rehabilitation team of the Lottie Stewart Rehabilitation Unit considered each patient's recovery to have reached a plateau. The average age of the patients was 70 years (range, 42-85 years). The time from onset of stroke to the time of the first evaluation for the purposes of this study averaged 55 months (range, 5 months-34 years). Hemiplegia was the result of cerebrovascular lesion in all 15 patients.
The last author scored the patients on two occasions separated by a four-week interval. One male patient with left hemiplegia was unable to participate in the retest procedure because of admission to a hospital. The results have therefore been correlated for 14 patients.
Data Analysis
We tabulated the assessments made of the five patients by the 20 raters. Each rater's scores were compared with the criterion ratings. Two different measures of interrater reliability were computed: 1) percentage agreement and 2) Pearson product-moment correlation coefficients.
The last author's assessments of 14 patients on two occasions were correlated using Pearson product-moment correlation to measure test-retest reliability. One correlation was computed on the eight scores made on each patient on the two occasions. Table 1 summarizes the percentage agreement obtained between each physical therapist's scores and the criterion ratings for each of the five patients. Table 1 also presents average percentage agreement for each rater across the five patients (row means) and average percentage agreement among the 20 raters for each patient (column means). The overall average of these means was 87 percent agreement. This figure represents the average agreement with the criterion ratings. Table 1 also lists Pearson correlation coefficients. Each rater's scores for the five patients (40 scores in all) were correlated with the criterion ratings. The results are presented in the last column of Table 1 . The correlations show greater relationship between the rater's scores and the criterion ratings than does the measure of percentage agreement. Percentage agreement is a more stringent measure of consistency because only scores that match exactly on the seven-point scales are considered as agreement. Thus, if rater 1 has scored Walking with a 5 when the criterion is 4, this is a disagreement. The correlation coefficient, however, determines the extent of linear relationship in two sets of scores. Thus, a substantial relationship can be found if the two sets of scores have general agreement in high and low sections of the scale without complete agreement. Both percentage agreement and correlation coefficients, however, indicate that the MAS can be used reliably by physical therapists after instruction and a short practice period. The average percentage agreement for each patient (column means) shows some variability, but all of the five patients could be assessed reliably. This finding strengthens the claim that the MAS is a reliable instrument.
RESULTS
Interrater Reliability
We investigated the question of whether the amount of practice was related to proficiency in use of the MAS by correlating the number of practice patients and reliability scores (row 
Test-Retest Reliability
The test-retest correlations ranged between .87 and 1.00, with an average correlation of .98. Thus, reliability was very satisfactory. The test-retest reliability was somewhat higher than interrater reliability, a common finding in reliability studies. A high test-retest reliability is necessary for the scale to be confidently used to assess a patient's progress. With a reliable scale, a physical therapist has reason to believe that changes in the scores of a particular patient indeed reflect a change in the patient's motor abilities and not just measurement error.
DISCUSSION
Although we found no significant relationship between the number of practice patients and the raters' reliability in the original study, this may not be true for practicing physical therapists in general. They may need to apply the MAS to a larger number of patients to become proficient and accurate in its use. In the past 12 months, the first two authors have led training sessions for both physical therapists and physical therapy undergraduate students (a total of 103) and have compared their reliability with the criterion ratings used in this study. Feedback from this group and their reliability scores suggest that the MAS should be used with at least six patients for an individual to be sufficiently familiar with the criteria to score patients on the videotape with consistent reliability.
We also found it interesting to investigate the various items of the MAS to determine whether any one was more reliable or less reliable than the others. Table 2 has been compiled for this purpose. Table 2 presents the percentage of raters who agree with the criterion ratings for each of the eight items and five patients. Note that item 3 (Balanced Sitting) of the MAS had the highest degree of consistency and that item 4 (Sitting to Standing) had the lowest. This low score was attributable to poor results with one patient. Some raters com-
APPENDIX 1 Criteria for Scoring
Walks up and down four steps with or without an aid but without holding on to the rail three times in 35 seconds. We have found the MAS to be useful for providing feedback to the patient on his progress, and it can be used to motivate him toward recovery. Two questionnaires are being designed to investigate whether progress measured by the MAS relates to the physical therapist's and patient's subjective impressions of progress.
Upper-Arm Function
CONCLUSION
We have developed this MAS for stroke patients and investigated it for reliability. This scale has been found to be highly reliable and its validity and usefulness in measuring the progress of patients in physical therapy should be investigated. Because the reliability of each individual rater is considered an essential factor in the use of this scale, we recommend that physical therapists intending to use the MAS should become familiar with the criteria for scoring by testing at least six patients before formally using it in clinical practice.
APPENDIX 2 General Rules for Administering the MAS
